During the luteal phase in the cow, a first-wave dominant follicle grows to reach ovulatory size, but then ceases to grow, becomes no longer dominant and enters a phase of slow regression. During this growth transition, the concentration of oestradiol has been shown to decrease in follicular fluid. The objective of this study was to determine if follicular fluid oestradiol concentrations are regulated by the activity ofthree major steroidogenic enzymes, namely P450-aromatase (P450-arom), 3\g=b\-hydroxysteroid dehydrogenase/\g=D\5\p=n-\\g=D\4 isomerase (3\g=b\-HSD) and 17\ g=a\ \ x=r eq-\ hydroxylase C-17,20 lyase cytochrome P450 enzyme (P450\p=n-\17\g=a\) measured in granulosa and theca cells isolated from individual first-wave dominant follicles. Follicle growth and state of dominance was assessed by ultrasonography and follicles were classified as growing-dominant (GD, n=6), non-growing-dominant (NGD, n=8) or non\x=req-\ growing-non-dominant (NGND, n=6). Mean follicular fluid concentrations of oestradiol were higher in GD than in NGD or NGND follicles (511 \ m=+-\98 versus 136 \ m=+-\16 and 20 \m=+-\ 11 nmol/l respectively). Oestradiol was not correlated with P450-arom in any of the three groups. In GD follicles, oestradiol was positively correlated with pregnenolone concentration but neither was correlated with granulosa or theca 3\g=b\-HSDactivity or with theca P450\p=n-\17\g=a\ activity. In NGD follicles, oestradiol was negatively correlated with theca 3\g=b\-HSDactivity and pregnenolone was negatively correlated with granulosa 3\g=b\-HSDactivity. In NGND follicles, oestradiol was positively correlated, and pregnenolone was negatively correlated with theca 3\g=b\-HSD and P450\p=n-\17\g=a\activities. These studies demonstrated that pregnenolone supply is the principal regulating factor of oestradiol output during follicle dominance and during the loss of dominance but that the levels of P450\p=n-\17\g=a\ and 3\g=b\-HSDactivity become rate-limiting when the follicle is no longer dominant.
Introduction
Ovarian ultrasonography in the cow has shown that there are two or three waves of follicular growth during the oestrous cycle (Pierson & Ginther 1984 , Savio et al. 1988 , Sirois & Fortune 1988 . Each wave consists of a cohort of follicles from which a single large follicle emerges; it is the large follicle of the last wave which ovulâtes. These large follicles are said to be dominant because they continue to grow while the other follicles of the wave regress. The dominant follicle emerging from the first wave grows to reach ovulatory size by days 5-8 (day 0=oestrus) and then enters a static growth phase where it remains temporarily dominant before entering a slowly regressing phase (Savio et al. 1988 , Sirois & Fortune 1988 , Ginther et al. 1989 ). During growth, this dominant follicle is oestrogenic. Receptors for luteinizing hormone (LH) appear in granulosa cells (Ireland & Roche 1983) , elevated oestradiol concentrations are found in follicular fluid (Badinga et al. 1992 , Guilbault et al. 1993 ) and plasma oestradiol concen¬ trations increase (Dieleman et al. 1986 , Badinga et al. 1992 , Carrière et al. 1995 . However, this follicle fails to ovíllate and loses the capacity to secrete oestradiol (Ireland & Roche 1983 , Badmga et al. 1992 , Guilbault et al. 1993 .
Steroid hormones, produced by the antral follicle, act in autocrine, paracrine or endocrine fashions to complete the maturation process of the oocyte and to generate the signal for ovulation. Steroid hormone production follows pathways that depend upon the availability of substrate and the activities of specific steroidogenic enzymes. Follicular steroidogenesis is stimulated by follicle-stimulating hormone (FSH) and LH which, following receptor inter¬ action, initiate a sequence of events leading to the gen¬ eration of cholesterol for conversion to pregnenolone in mitochondria, Pregnenolone is converted to progesterone, androgens and oestrogens by enzymes residing in the endoplasmic reticulum. In theca cells of large bovine follicles the favoured steroidogenic pathway involves conversion of pregnenolone to dehydroepiandrosterone (DHEA) by the 17a-hydroxylase C-17,20 lyase cyto¬ chrome P450 enzyme (P450-17a) and conversion of DHEA to androstenedione by the enzyme 3ß-hydroxysteroid dehydrogenase/A5-4 isomerase (3ß-HSD) (Lacroix et al. 1974 , Fortune 1986 ). Bovine granulosa cells convert androgens supplied by the theca cells to oestradiol by the P450-aromatase enzyme (P450-arom) (Lacroix et al. 1974 , McNatty et al. 1984 , Cooke & Carrière 1991 ). In the cow ovary, P450-17 has been immunolocalized in differentiated theca cells of medium and large antral follicles but not in granulosa cells (Rodgers et al. 1986 ). In bovine preovulatory follicles, P450-17a mRNA is found in theca cells (Voss & Fortune 1993 (Bélanger et al. 1990 ). Quantification of oestra¬ diol, oestrone, pregnenolone, progesterone and testos¬ terone were performed by RIA as previously reported (Bélanger et al. 1981 (Bélanger et al. , 1990 . A low plasma steroid pool was extracted in parallel with follicular fluid samples to estimate the lower limit of sensitivity of the assay system.
The lower limits were the following: oestradiol and oestrone (185 pmol/1), pregnenolone (1-6 nmol/1), proges¬ terone and testosterone (3-5 nmol/1). Intra-and interassay coefficients of variation for the measurement of these steroid hormones were 7-9% and 13-20% respectively.
Radiometrie assessments of steroidogenic enzymes were performed as previously described (Cooke et al. 1993 ). Aliquots of the granulosa or theca membranes or cytosol (range 1-20 µg protein/ml of incubation volume) were added to Tris-HC1 buffer, pH 7-5 (3 ml), containing the steroid substrate (pregnenolone, 10 ; progesterone, 10"8; DHEA, 10"6; testosterone, 10"9 m, 40 000 c. 
Results
Using the classification method described above, seven follicles were considered growing-dominant (day 5-6), eight follicles were non-growing-dominant (day 7-10) and six follicles were non-growing-non-dominant (day 10-18). The mean growth index was 28-6 ± 6-4% for growingdominant follicles, 5-6 ± 1 % for non-growing-dominant follicles and -5-4 ±2-1% for non-growing-nondominant follicles. There was a good correlation between follicular fluid oestradiol concentration and growth index (quadratic fit correlation r=0-98; <0 01) (Fig. 1) . In the growing-dominant group, the follicular fluid oestradiol concentration was not significantly correlated with granulosa P450-arom activity and oestradiol was not significantly correlated with granulosa or theca 3ß-HSD activity (Fig. 2) . There was an apparent positive correlation between oestradiol and theca P450-17a activity, but this was due to one day-5 animal which had relatively high values for oestradiol (2135 nmol/1) and P450-17a activity (197 pmol/min per mg protein). When this animal was excluded from the analysis the correla¬ tion between oestradiol and P450-17a activity was no longer significant (Fig. 2) . Similarly, the follicular fluid pregnenolone concentration was not correlated with theca P450-17a activity ( =()·7) or with granulosa or theca 3ß-HSD activity ( =0·9). However, pregnenolone and oestradiol were positively correlated in this group (r=0-81, =0·05).
In the non-growing-dominant group, oestradiol was not significantly correlated with granulosa P450-arom activity or theca P450-17a activity (Fig. 3) . However, oestradiol was negatively correlated with theca 3ß-HSD activity ( =0 3) and also a negative correlation trend (P=0T) was found with granulosa 3ß-HSD activity (Fig. 3) However, correlations between the progesterone levels and P450-17a and 3ß-HSD activities measured in this group were not significant ( =0·37, 0-18 and 0 6 for P450-17a, granulosa 3ß-HSD and theca 3ß-HSD respec¬ tively). Furthermore, oestradiol was not significantly cor¬ related with P450-arom or 3ß-HSD activities measured in granulosa cells (Fig. 4) . However, oestradiol was positively correlated with theca P450-17a and 3ß-HSD activities (Fig. 4) . The concentration of oestradiol in both the fluid of the ovulatory follicle and peripheral blood decrease concurrently following the LH surge (Dieleman et al. 1983 (Dieleman et al. , 1986 ). The decline in follicular fluid oestradiol concentrations observed in the present study coincides with the terminal decline of the post-ovulatory oestradiol surge measured in plasma (Dieleman et (1992) suggested that a decreased capacity to produce androgen precursor could be responsible for the decline in oestradiol production seen in first-wave domi¬ nant follicles between days 5 and 8. This time represents a transition period when the dominant follicle ceases to grow but remains dominant (Savio et al. 1988 , Sirois & Fortune 1988 ). Our studies show that in non-growingdominant follicles, the enzymes that are required for the conversion of pregnenolone to androgen precursor are either not correlated (P450-17a) or are negatively corre¬ lated (3ß-HSD) with oestradiol, suggesting that these enzyme activities cannot be rate-limiting for oestradiol biosynthesis in the non-growing-dominant follicle. The findings that pregnenolone was negatively correlated with 3ß-HSD activity in granulosa and that oestradiol was also negatively correlated with 3ß-HSD activity in theca (Fig.  3) (Fig. 4) (Funkenstein et al. 1983 ). Furthermore, Xu et al. (19950,0) have shown that mRNA levels for P450 sec and LH receptor decrease in granulosa and theca of firstwave dominant follicles between days 4 and 8, which corresponds to the time at which we have shown that pregnenolone supply is diminishing.
It has been shown that plasma oestradiol is increased when LH pulse frequency is maintained at an elevated level (Stock & Fortune 1993 ) and plasma concentrations of oestradiol increase following repeated small injections of gonadotrophin-releasing hormone (Glencross 1987) . In the present study, follicles were collected from day 5 onwards, a period when progesterone reaches luteal phase levels and LH pulse frequency begins to decrease (Rahe et al. 1980 . The availability of pregnenolone precursor for further metabolism could thus be consequent to insufficient LH support as the first-wave dominant follicle reaches maximal size. The regulation of oestrogen production could also depend on signal transduction following the binding ofLH to its receptor system, since LH stimulation of theca from large follicles collected during the follicular phase has been shown to release different amounts of steroids in spite of constant LH receptor content (McNatty et al. 1985) . Therefore, sus¬ tained LH support may be important for the immediate supply of steroid precursors that will be metabolized further by 3ß-HSD, 450-17 and P450-arom. In summary, this study has shown that the regulation of oestradiol output of luteal phase dominant follicles occurs at a different level from 3ß-HSD, 450-17 or P450-arom enzyme activities. Cholesterol side-chain cleavage activity and/or intracellular cholesterol transport are postulated to be the rate-limiting steps. Studies are in progress to determine if events that lead to pregnenolone biosynthesis may be regulating oestradiol production.
